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/lAdfoact 


A  search  was  made  of  the  literature  pertaining  to  the  treatment  of 
cotton  with  inorganic  compounds  to  improve  certain  functional  properties. 
From  approximately  700  references,  which  purportedly  related  to  this  subject, 
310  were  selected  as  having  some  pertinency  to  the  problem.  These  are 
cited  in  the  text  around  certain  specific  topics  and  are  arranged  in  alpha- 
betical order  in  the  Bibliography. 

A  systematic  screening  of  oxides  and  salts  of  metallic  elements  as 
finishes  which  might  improve  certain  of  the  functional  properties  of  cotton 
was  made.  Compounds  were  selected  from  various  groups  of  the  Periodic 
Table  of  the  Elements.  Seventy-four  compounds,  selected  on  the  basis  of 
their  apparent  insolubility,  were  applied  to  cotton,  some  of  them  in  more 
than  one  concentration.  A  battery  of  tests  was  employed  to  evaluate  the 
treatments.  The  treated  fabrics  were  tested  for:  Stability  to  leaching  and 
laundering;  effect  on  strength;  changes  in  resistance  to  mildew  and  rot 
(soil  burial),  to  outdoor  weathering,  to  actinic  degradation,  to  heat,  and  to 
burning;  changes  in  thermal  stability;  and  changes  in  water  repellency. 
Several  compounds  which  had  been  studied  by  previous  investigators  were 
included  for  comparative  purposes. 

From  the  several  compounds  studied  upon  which  previous  findings  had 
not  been  reported,  the  following  nine  were  selected  for  further  consideration: 
Aluminum  hydroxide,  beryllium  oxide,  cobaltous  hydroxide,  cobaltous  meta- 
borate,  lead  hydroxide,  manganous  oxide,  manganous  phosphate,  manganous 
silicate,  and  nickelous  phosphate.  These  offered  promise  of  improving  certain 
end  use  characteristics  of  cotton  fabrics. 

Outstanding  among  the  nine  compounds  were  cobaltous  metaborate 
and  cobaltous  hydroxide.  Cobaltous  metaborate  treated  cotton  was  good  in 
mildew  and  rot  resistance,  in  outdoor  weathering  performance,  in  stability 
with  respect  to  actinic  exposure,  and  in  resistance  to  atmospheric  contam- 
inants, and  was  good  to  excellent  in  water  repellency.  The  cobaltous  hy- 
droxide treated  cotton  was  found  to  be  good  to  moderate  in  resistance  to 
mildew  and  rot  and  very  good  in  outdoor  weathering.  It  also  imparted  good 
resistance  to  actinic  degradation  and  to  atmospheric  contaminants. 
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PART  I— SURVEY  OF  THE  LITERATURE 

by 
Georgia  Ellen  Wright  and  Ramon  M.  Esteve,  Jr. 


INTRODUCTION 

LITERATURE  FINDINGS  CONCERNING  SPECIFIC  PROPERTIES  IMPARTED 
TO  COTTON 

Mildew  and  Rot  Resistance 
Weathering 
Flame  Resistance 
Water  Repellency 
Miscellaneous  Properties 

LITERATURE  FINDINGS  CONCERNING  CERTAIN  COMPOUNDS  APPLIED 
TO  COTTON 


INTRODUCTION 


It  is  recognized  that  a  considerable  number 
of  inorganic  substances  can  influence  the  im- 
portant textile  properties  of  cotton  fabrics. 
Many  such  treatments  may  have  been  over- 
looked because  no  systematic  study  of  inor- 
ganic compounds  has  been  undertaken  for  this 
purpose.  The  plan  of  this  therefore,  was  to 
conduct  a  literature  survey  to  ascertain  the 
information  available;  to  select  a  group  of 
inorganic  substances  from  various  sections  of 
the  Periodic  Table — some  of  which  were  and 
some  of  which  were  not  mentioned  in  the 
literature — to  determine  whether  or  not  their 
position  could  indicate  their  usefulness  in  treat- 
ing cotton  for  desirable  properties;  and  to  eval- 
uate, generally  in  a  preliminary  way,  the  most 
promising  compounds  uncovered  by  the  survey. 

Approximately  700  literature  references  re- 
porting on  the  use  of  inorganic  compounds  in 
the  treatment  of  cotton  were  reviewed.  From 
these  references,  310  were  found  to  discuss  (a) 
the  formation  of  insoluble  deposits  inside  the 
cotton  fiber  to  enhance  such  properties  as 
water  repellency,  weathering  stability,  resist- 
ance to  actinic  degradation,  mildew  and  rot 
resistance,  and  fire  resistance;  (b)  the  appli- 
cation of  insoluble  organo-metallic  chelates  to 
improve  or  provide  rot  or  mildew  resistance; 
( c )  the  formation  of  insoluble  metallic  soaps 
to  produce  water  repellent  and  mildew  resist- 
ant finishes;  (d)  the  application  of  pigments 
and  resins  to  produce  increased  stability  by 
means  of  reduced  accessibility;  (e)  products 
forming  compounds  or  chelate  formations  with 
cotton  to  improve  mildew  and  flame  resistance; 
and  (f)  the  application  of  insoluble  organo- 
metallic  compounds  or  polymers  to  enhance 
mildew  resistance,  water  repellency,  and  flame 
resistance.  These  references  were  particularly 
pertinent  to  the  problem;  they  are.  therefore, 


appended  to  this  report. 

Most  of  the  data  on  inorganic  compounds 
indicated  that  they  were  applied  as  an  insolu- 
ble deposit  inside  and  on  the  surface  of  the 
fiber.  In  some  instances  they  were  applied 
in  pigment  form  by  use  of  a  resin  binder.  In 
a  very  few  cases  compound  or  chelate  forma- 
tion with  the  cellulose  itself  was  reported.  An 
example  of  a  reported  linkage  with  cellulose 
is  that  formed  with  titanium  tetrachloride,  and 
evidence  supporting  this  belief  is  shown.  Other 
than  having  flame  resistance,  cellulose  thus 
treated  is  found  to  display  mildew  resistance 
(107,  226,  231).1  Since  titanium  dioxide  is  not 
toxic  (252),  the  mildew  resistance  can  be  ex- 
plained by  proposing  a  reaction  with  the  cellu- 
lose, with  a  protection  given  in  the  same  man- 
ner as  that  involved  in  phosphorylated  and 
acetylated  cellulose  (101).  It  should  be  noted 
that  when  bonds  of  modified  cellulose  are  sub- 
jected to  hydrolysis  an  insoluble  system  results 
which  has  a  greater  stability  that  a  homogene- 
ous solution. 

The  formation  of  chelates  with  cellulose  has 
been  reported.  Cellulose  which  has  been 
treated  with  a  calcium  salt  displays  a  greater 
thermal  stability  than  untreated  cellulose  (144). 
The  chelate  in  this  case  was  reported  as  being 
formed  by  the  oxidation  of  the  6-hydroxy 
groups. 

A  series  of  chemically  modified  cottons  form 
salts  with  ions  (125),  e.g.,  phosphorylated,  ami- 
no ethylated,  sulfoethylated,  and  carboxmethy- 
lated  fabrics.  For  example,  copper  salts  of 
carboxymethyl  cellulose  have  been  used  to 
impart  rot  resistance  (255).  The  durability  of 
these  finishes,  however,  would  be  limited  since 
all  of  these  compounds  are  subject  to  ion-ex- 
change. 


LITERATURE  FINDINGS  CONCERNING  SPECIFIC 
PROPERTIES  IMPARTED  TO  COTTON 

MILDEW   AND   ROT   RESISTANCE 


Biological  degradation  of  cellulose  is  due  to 
the  growth  and  reproduction  of  micro-organ- 
isms capable  of  using  the  fiber  as  food.  Some 
fungi  and  bacteria  belong  to  the  group  which 


attack  cotton.  These  organisms  secrete  enzy- 
mes which  merely  digest  the  cuticle  and  per- 
mit them  to  penetrate  the  secondary  cellulose 
wall.    That  cellulose  is  converted  to  a  linear 


1  Numbers   in  parentheses   refer   to   Bibliography   at   end   of   this  report. 


polysaccharide,  with  another  enzyme  hydro- 
lyzing  the  chain  to  glucose,  has  been  proposed 
as  a  theory  to  account  for  the  great  decrease 
in  breaking  strength  of  the  degraded  cotton 
fabrics  when  there  is  only  a  small  decrease 
in  the  molecular  weight  (260).  Another  explan- 
ation is  that  only  minute  areas  are  broken 
down,  resulting  in  only  a  small  change  in  the 
degree  of  polymerization  (58). 

The  subject  of  mildew  resistance  has  been 
reviewed  by  various  investigators  (28,  51,  57, 
113,  115,  177,  260). 

Mildew  resistance  is  reported  as  improved 
by  the  following  general  types  of  compounds: 

a)  Antiseptic  compounds  that  destroy  mi- 
cro-organisms. 

b)  Compounds  capable  of  inactivating  en- 
zymes. Many  references  pertaining  to 
this  type  of  treatment  of  cotton  exist 
in  the  literature  (28,  51,  58,  113,  115, 
117,  177).  It  should  be  noted,  however, 
that  inorganic  compounds  are  not  in- 
cluded. 

c)  Treatments  which  modify  the  cellulose 

chemically.  Micro-organisms  are  no 
longer  capable  of  using  the  altered  fiber 
as  food. 

The  rot  and  mildew  resistance  of  cot- 
ton treated  with  certain  titanium  com- 
pounds gives  evidence  of  the  formation 
of  titanium-oxygen  bonds  in  cotton,  as 
previously  noted.  A  number  of  organic 
modifications  of  cotton  impart  mildew 
resistance,  for  example,  acetylation 
(101),  phosphorylation  (78,  114,  138), 
carboxymethylation,  and  cyanoethyla- 
tion.  Tetrakis  (hydroxymethyl)  phos- 
phonium  chloride  also  belongs  to  this 
group  (227,  228,  229). 

d)  Compounds  that  coat  the  cotton  fiber. 
The  coating  of  fibers  has  been  proposed 
as  another  mechanism  for  decreasing 
accessibility  of  cotton  to  micro-organ- 
isms. White  and  Siu  (299)  proposed  this 
theory  for  the  observed  resistance  dis- 
played by  urea-formaldehyde  treated 
cotton  (51).  On  the  other  hand,  Dean 
(54)  described  cotton  treated  with  other 
polymers  which  displayed  little  resist- 
ance to  weathering.  Cameron  and  Mor- 
ton point  to  crosslinking  and  reduced 
swelling  as  the  factors  responsible  for 


the  observed  resistance  to  mildew  (40). 
According  to  Siu  (260)  the  amorphous 
parts  are  more  accessible  to  attack.  The 
deposition  of  insoluble  deposits  inside 
the  fibers  also  may  be  a  factor. 

WEATHERING 

The  weathering  of  cotton  fabrics  involves 
the  degradation  of  cellulose  by  chemical  and 
biological  processes  (54,  55,  259).  The  chemical 
reactions  include  oxidative  and  hydrolytic  de- 
gradation. The  causative  agents  involved  in 
these  reactions  include  the  oxygen  in  the  at- 
mosphere, moisture,  light,  heat,  and  gaseous 
contaminants  (consisting  of  oxides  of  nitrogen 
and  sulfur,  hydrogen  sulfide,  and  a  variety  of 
other  compounds). 

Another  important  factor  in  the  weathering 
of  cotton  fabrics  is  the  autoxidation  of  cellu- 
lose. In  the  absence  of  light  and  heat,  the 
reaction  is  negligible;  but  the  presence  of  these 
factors  greatly  increases  the  rate  of  degrada- 
tion. This  degradation  results  in  decreased 
viscosity  and  an  increase  in  the  copper  number 
and  methylene  blue  absorption  of  cotton.  A 
mechanism  typical  of  the  oxidation  of  organic 
compounds  is  given  below  for  cellulose. 


Initiation  and  Autocatalysis 
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Termination 

6.     The  reaction  of  two  radicals. 

Moisture  increases  the  rate  of  reaction  by  ac- 
celerating the  consumption  of  oxygen  (69,  289), 
as  well  as  autocatalysis,  Steps  1  and  2. 

The  action  of  heat  below  pyrolytic  tempera- 
tures increases  the  rate  of  oxidation  (48,  274, 
289),  by  accelerating  Steps  1  and  2.  In  this 
connection,  heat  aging  was  investigated  by 
Conrad  (48,  274)  and  by  Buckwalter  (37). 

The  effect  of  solar  radiation  is  similar  to 
that  of  heat.    Wavelengths  in  the  ultraviolet 


up  to  4000  A0  are  most  effective  in  increasing 
the  rate  of  oxidation  (41,  43,  89,  287).  With 
wavelengths  of  less  than  2500  A°,  photolysis, 
or  the  scission  of  chemical  bonds,  is  the  import- 
ant reaction;  but  this  reaction  is  inhibited  by 
water  and  oxygen  (148).  This  however,  is  not 
a  factor  with  solar  radiation  which  starts  at 
2900  A0  (56).  An  important  factor  which  in- 
creases the  effect  of  light  is  photosensitization. 
Cellulose  does  not  absorb  radiations  much 
above  2300  A°  (43).  Any  dye  or  inorganic  de- 
posit which  can  absorb  light  and  convey  it  to 
the  reacting  molecules  increases  the  rate  (69). 

Treiber  and  Felbinger  (273)  claim  that  a 
small  absorption  band  exists  at  3500  A°.  Ku- 
jirai  (148)  reports  absorption  bands  at  1850  A° 
and  2537  A0.  The  function  of  weather  protec- 
tive treatments  seems  to  be  absorption  of  this 
radiation.  Lead  chromate  which  is  effective 
absorbs  strongly  between  2200  and  5000  A0. 

In  this  connection,  an  important  survey  of 
the  literature  on  the  action  of  light  on  textile 
materials  was  made  by  Appleby  (9)  and  covers 
a  period  up  to  1948. 

There  are  other  factors  that  pertain  to  the 
oxidation  function  during  weathering.  For  ex- 
ample, free  radical  inhibitors  increase  the  re- 
sistance to  weathering  (37).  Metallic  oxides 
which  catalyze  peroxide  formation  also  cata- 
lyze the  decomposition  of  cotton.  Zinc  oxide 
is  an  example  of  a  metallic  oxide  which  cata- 
lyzes the  formation  of  hydrogen  peroxide  from 
water.  Hydrogen  peroxide  has  been  proposed 
as  the  active  compound  by  Baur  and  Neweiler 
(16)  and  by  Egerton  (69).  Ozone  accelerates 
the  initiation  of  the  oxidation  of  cellulose  (27). 

The  action  of  atmospheric  contaminants  in 
the  case  of  oxides  of  nitrogen  is  oxidation.  This 
involves  a  hydrolytic  decomposition  which  is 
dependent  upon  moisture  content. 

FLAME  RESISTANCE 

The  literature  pertaining  to  the  flammability 
of  textile  fibers  was  reviewed  by  Little  (160), 
Gottlieb  (103),  McQuade  (169),  and  others  (45, 
83,  131.  162,  201,  203,  219,  222,  232,  249). 

The  flammability  of  cellulose  is  due  to  the 
rapid  oxidation  of  combustible  tars  formed  at 
elevated  temperatures.  Cellulose,  when  heated 
above  275°  F.,  decomposes  as  follows  (109): 
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The  action  of  an  ideal  flameproofing  com- 
pound or  its  decomposition  products  at  flaming 
temperatures  is  threefold: 

a)  The  catalytic  effect  of  the  flameproofing 
compound  increases  char  formation,  and, 
therefore,  decreases  the  fuel  available 
for  combustion.  Theoretically,  cellulose 
should  decompose  to  carbon  and  water 
(160,  161).  Many  compounds  act  as 
Lewis  acids  and  catalyze  the  dehydra- 
tion of  the  cellulose  (250).  Basic  flame- 
proofing compounds  catalyze  rearrange- 
ments which  also  result  in  an  increase 
of  char  formation  (73). 

b)  Lowering  the  combustibility  of  the  tars 
(i.  e.,  flameproofing  the  gas  phase)  is 
essential  when  the  flameproofing  com- 
pound used  is  an  organic  polymer,  since 
its  decomposition  results  in  additional 
tars.  For  this  purpose  an  atom  or  mole- 
cule with  the  ability  to  form  relatively 
stable  free  radicals  is  incorporated  in 
the  polymer  and  acts  as  a  chain  breaker, 
inhibiting  flaming  (250). 

c)  The  inhibition  of  afterglow  in  the  char 

is  essential.  Therefore,  substances  which 
promote  the  oxidation  of  the  char  to 
carbon  monoxide  are  important.  Be- 
cause their  reactions  are  weakly  exo- 
thermic, the  heat  thereby  produced  is 
insufficient  to  propagate  the  afterglow. 
Silicon,  boron,  and  phosphorus  com- 
pounds are  such  effective  substances 
inhibiting  afterglow  (160,  161,  201). 

WATER  REPELLENCY 

Keppler  (140),  Kogan  (146),  and  Harding 
(116)  have  reviewed  the  literature  on  water 
repellency. 

Treatments  of  fabrics  for  water  repellency 
can  be  divided  into  two  groups: 

a)  Those  in  which  the  material  is  covered 
with  a  film  or  skin  making  it  imperme- 
able to  air  and  moisture; 


b)  Those  in  which  the  material  is  coated 
with  a  film  having  a  high  interfacial 
tension,  thereby  making  the  fibers  hy- 
drophobic. 

The  inorganic  and  organometallic  compounds 
belong  in  this  latter  group.  With  the  exception 
of  organosilicon  polymers,  the  durability  of 
these  finishes  is  limited. 

Many  inorganic  and  organometallic  com- 
pounds have  been  found  to  impart  water  repel- 
lency  to  cotton  fabrics. 

MISCELLANEOUS  PROPERTIES 

Modern  chemical  treatments  have  been  dis- 
cussed by  Notarbartolo  (197).  Included  in  gen- 
eral reviews  of  finishes  for  cotton  were  those 
by  Stott  (263)  by  Little  (160),  by  Krasny  and 
Harris  (147),  by  Goheen  and  DuPre'  (99),  and 
by  Fisher  (75). 

Finishes  that  affect  the  physical  properties 


and  appearance  of  cotton  fabrics  have  been 
suggested.  These  properties  include  weighting, 
luster,  shrink  resistance,  slip  resistance,  and 
stiffening. 

Compounds  that  dissolve  or  partly  dissolve 
the  cellulose  fibers  generally  also  remove  the 
fuzz  fiber,  partly  swell  the  cellulose  and  bind 
the  fiber,  and  tend  to  give  increased  luster, 
stiffness,  and  resistance  to  shrinkage  and  slip- 
page. 

LITERATURE  FINDINGS  CONCERNING 

CERTAIN   COMPOUNDS    APPLIED 

TO  COTTON 

The  literature  concerning  specific  com- 
pounds and  the  reported  properties  which  they 
impart  to  cotton  are  given  in  a  series  of  tables, 
as  follows:  Table  I,  Metallic  Oxides;  Table  II, 
Inorganic  Salts;  Table  III,  Organometallic  Salts 
and  Chelates;  and  Table  IV,  Other  Organo- 
metallic Compounds. 
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PART  II— EXPLORATORY  EVALUATION 

by 
Pauline  Beery  Mack,  Georgia  EMen  Wright,  and   Ramon  M.   Esteve,  Jr. 
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INTRODUCTION 


Although  a  large  number  of  investigations 
have  been  reported  on  the  treatment  of  cotton 
with  metallic  compounds  for  the  purpose  of 
improving  certain  of  its  functional  properties, 
no  systematic  screening  of  compounds  through 
the  Periodic  Table  of  Elements  has  been  re- 
ported, in  which  a  battery  of  tests  is  employed 
in  a  single  study.  In  numerous  investigations, 
summarized  in  Part  I  of  this  report,  many 
oxides  and  salts  have  been  described  as  im- 
parting such  properties  as  improved  mildew 
and  rot  resistance,  resistance  to  weathering, 
water  repellency,  and  flame  resistance.  Many 
compounds,  however,  have  remained  unex- 
plored; and  few  of  those  studied  have  had  more 
than  a  few  properties  evaluated  in  the  same 
investigation. 

This  study  included  the  screening  of  74 
oxides,  hydroxides,  and  salts  of  metallic  ele- 
ments, involving  83  separate  treatments,  as 
possible  finishes  for  cotton  fabrics.  Where 
other  factors  appeared  equal,  compounds  pro- 
ducing white  or  cream-colored  cotton  fabrics 
were   of   greater   preference   because   of   their 


greater  range  of  end  uses. 

Several  previously  investigated  compounds 
were  included  in  this  screening  study  for  com- 
parative purposes,  because  they  appeared  from 
the  literature  to  have  given  the  best  results 
for  certain  purposes.  These  were:  Aluminum 
stearate  for  its  known  property  of  water  repel- 
lency; cupric  oxide,  cupric-8-quinolinolate,  and 
two  mercury  compounds  for  the  favorable  re- 
sults reported  concerning  the  mildew  and  rot 
resistance  which  they  impart  to  cotton;  lead 
chromate  for  its  demonstrated  value  in  im- 
proving weather  resistance  (54,  251);  and  titan- 
ium dioxide  and  ferric  hydroxide  for  their 
reported  property  of  enhancing  flame  resis- 
tance in  cotton  fabrics. 

The  compounds  used  included  29  oxides  and 
hydroxides,  14  phosphates,  11  sulfides,  and  20 
miscellaneous  compounds.  They  were  chosen 
so  as  to  represent  all  groups  in  the  Periodic 
Table  of  Elements  where  insoluble  compounds 
are  found,  with  emphasis  on  oxides  and  hy- 
droxides. 


MATERIALS  AND  EXPERIMENTAL  METHODS 


RAW  COTTON  USED  FOR  FABRIC 
EXPERIMENTS 

Strict  Middling  cotton  1-1/16  inches,  has  a 
micronaire  of  4.3,  and  Pressley  Index  of  78, 
scoured. 

FABRIC  SPECIFICATIONS 

The  cotton  fabrics  used  in  this  study  were  a 
4-ounce,  38-in-wide  muslin,  56  x  56  count,  of 
2-ply  yarn  made  by  the  Philadelphia  Textile 
Institute"  to  explicitly  meet  the  specifications 
of  the  College  of  Household  Arts  and  Sciences 
at  the  Texas  Woman's  University. 

Type — American  Upland 
Grade— Strict  Middling 
Staple — 1-  Munch 

Preparation  at  Gin — Probably  "B" 
Area  Grown — Mississippi  Delta 
Processed — Yarn  combed  and  bleached 
Twist/Inch-18.27  (single),  13.45  (ply) 
Twist  Direction — 2  (single),  S  (ply) 


Count— 40.72/2 

Tensile  Strength — (120  yd.  skein) 

65  lbs.  (singles),  129.2  lbs.  (ply) 

Single  end  of  ply  yarn  has  a  tensile  strength 
on  the  IP2  Tester  of  480.4  grams.  Elongation 
of  ply  yarn  was  5.76  9< . 

APPLICATION    OF    FINISHES 

Swatches  9  x  24  inches  were  used  for  the 
impregnations.  After  the  fabrics  were  im- 
mersed in  a  bath  they  were  passed  through 
a  squeeze  roll,  and  allowed  to  air-dry.  Im- 
mersion was  repeated  for  a  second  bath;  where 
fabrics  were  treated  with  sodium  hydroxide 
a  second  bath  was  not  used.  Then  they  were 
rinsed,  and  air-dried  again.  All  water  used  in 
the  study  was  purified  by  the  ion-exchange 
method. 

Table  V  gives  an  outline  of  the  solutions 
used  in  treating  the  cottons,  together  with  any 
special  methods  of  handling  the  applications. 


:  Mention  of  companies  and   trade  products   does   not   imply   that  they  are  recommended  or  endorsed  by  the  U.  S.  Department  of 
Agriculture   over  other   companies   and   trade   products   not   mentioned. 
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EVALUATION  OF  TREATED  FABRCIS 

The  major  test  methods  used  were  those  of 
the  American  Association  of  Textile  Chemists 
and  Colorists  (5),  the  American  Society  for 
Testing  Materials  (8),  the  U.  S.  Federal  Supply 
Service  Federal  Specifications  (279),  and  the 
National  Bureau  of  Standards  Commercial 
Standards  (280).  Tests  not  derived  from  one 
or  more  of  these  sources  are  described. 

The  untreated  control  fabric  and  the  treated 
cotton  fabrics  were  evaluated  by  the  following 
tests: 

1)  Resistance  to  Leaching  (279-f). 

2)  Resistance  to  Laundering.  The  test  fab- 
rics were  laundered  by  the  ASTM  and 
Commercial  Standard  techniques  (  8-b, 
280-b).  The  extent  to  which  the  add-on 
had  been  lost  by  leaching  or  by  launder- 
ing was  determined  by  ashing  specimens 
of  the  treated  samples  and  finding  the 
differences  in  weight.  Because  of  the 
loosely  held  surface  deposit,  the  loss  of 
compound  tended  to  be  greater  during 
the  first  leaching  or  laundering  than 
during  subsequent   tests. 

In  evaluating  the  loss  of  add-on  during  leach- 
ing or  laundering,  arbitrary  ranges  were  a- 
dopted  to  rate  the  permanence  of  the  treat- 
ment. After  2  successive  leachings  retention 
of  80  percent  or  more  of  the  compound  was 
regarded  as  good,  retention  of  79  to  60  percent 
as  satisfactory,  and  retention  below  60  percent 
as  unsatisfactory. 

3)  Breaking  Strength,  Standard  Conditions 

(8-a,    279-a).     Breaking    Strength,    Wet. 

Specimens  wet  according  to  a  Commer- 
cial Standard  method  (280-a)  and  tested 
according  to  ASTM  and  Federal  Specifi- 
cations (8-a,  279-a). 

4)  Bursting  Strength,  Standard  Conditions 

(8-a,  279-b,  280-a).  Bursting  Strength, 
Wet.  Specimens  wet  according  to  a 
Commercial  Standard  method  (280-a) 
and  tested  according  to  ASTM  and  Fed- 
eral Specifications  (8-a,  279-b). 

5)  Tearing    Strength,    Standard    Conditions 

(279-c).  Tearing  Strength,  Wet.  Speci- 
mens wet  according  to  a  Commercial 
Standard  method  (280-a)  and  tested 
according  to  Federal  Specifications 
(279-c). 


In  making  evaluations  to  determine  exces- 
sive strength  losses  as  a  result  of  either  the 
application  treatment  or  of  darkroom  storage, 
all  types  of  strength  measurements  were  taken 
into  consideration. 

Treatments  were  considered  satisfactory 
where  fabric  strength  losses  after  treatment 
were  less  than  15  percent.  Losses  of  15  percent 
or  more  were  regarded  as  unsatisfactory.  Par- 
ticular attention  was  paid  to  the  corresponding 
strength  losses  at  standard  conditions  and  in 
the  wet  state.  When  the  wet  strength  losses 
exceeded  those  in  the  conditioned  state,  it  was 
concluded  that  damage  to  the  cellulose  com- 
plex may  have  taken  place.  In  the  few  cases 
where  this  situation  occurred,  the  strength 
losses  markedly  exceeded  15  percent. 

In  some  cases  decreases  in  tear  strength  were 
observed  without  a  corresponding  decrease  in 
breaking  strength.  A  situation  of  this  type 
would  tend  to  indicate  crosslinking  between 
the  cellulose  and  the  finishing  compound. 

After  6  months  of  darkroom  storage,  total 
losses  in  strength  no  greater  than  20  percent 
were  regarded  as  satisfactory. 

6)  Abrasion  Resistance.  Taber  Abraser 
rotary  platform  method  (279-g),  as  modi- 
fied by  Zook  (309),  following  the  mount- 
ing method  of  Zook  (310)  and  of  Thomas 
and  Wham  (268). 

7)  Mildew  and  Rot  Resistance.  Soil  burial 
method  (8-e,  279-e).  Although  the  temp- 
erature and  humidity  were  controlled 
throughout  this  test,  the  results  of  the 
soil  burial  test  should  not  be  regarded 
as  strictly  quantitative.  In  some  cases 
the  determination  followed  kinetics  of 
the  zero  order.  In  other  samples,  a  sharp 
change  in  rate  was  observed  during  the 
test.  The  time  in  days  required  for  a 
textile  specimen  to  lose  one-half  of  its 
wet  tensile  strength  was  used  as  the 
basis  for  computing  the  results  of  this 
test. 

8)  Resistance      to      Outdoor      Weathering. 

Frames  were  constructed  similar  to 
those  used  at  the  Southern  Regional 
Research  Laboratory  for  the  same  type 
of  test  (58,  279-i).  The  specimens,  9  x  18 
inches  warpwise,  were  placed  on  the 
inclined  rack  at  a  45°  angle  facing  south. 
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The  resistance  to  deterioration  was 
measured  from  the  loss  in  breaking 
strength.  The  loss  of  strength  resulting 
from  weathering  was  observed  to  follow 
the  kinetics  of  a  first  order  process  in 
the  limits  imposed  by  the  variations  in 
weathering  conditions  inherent  in  this 
test.  The  rates  were  calculated  from 
the  following  equation: 


T.S. 


log 


where 


kt 


T.S. 


T.S.      is   the   initial   strength   of   the 
o 

fabric  (pounds); 
T.S.      is   the   strength    after   time    t, 

(pounds);  t  is  the  time  of  exposure 
(months). 

Relative  stability  to  weathering  was  based 
on  breaking-strength  losses  of  the  treated  as 
compared  with  the  untreated  fabric,  i.e. 

Rate  for  treated  fabric 

Relative  Stability  = 

Rate  for  untreated  control 

9)  Resistance  to  Actinic  (Fade-Ometer  2/) 
Degradation  (5-a).  Strips  raveled  to  1- 
inch  width,  as  for  breaking-strength 
evaluation,  were  placed  in  the  specimen 
holders  (in  a  horizontal  position)  of  the 
FDA-R  Type  Fade-Ometer.  These  hold- 
ers were  placed  on  the  rotating  racks 
and  were  rotated  at  53°  C.  for  100-,  200-, 
and  400-hour  periods,  respectively. 

At  the  end  of  the  respective  exposure  times, 
one-half  of  the  strips  were  subjected  to  break- 
ing-strength tests  in  the  conditioned  state  and 
one-half  in  the  wet  state. 

The  reported  data  are  based  on  the  400-hour 
exposure  time. 

10)     Resistance  to  Heat  Degradation  (279-h). 

The  test  was  made  in  an  oven  at  140°  C. 


with  test  strips  6  inches  long  raveled 
to  a  1-inch  width,  as  for  breaking- 
strength  tests.  The  test  was  continued 
for  120  hours. 

The  rates  of  degradation  from  exposure  to 
heat  at  the  designated  oven  temperature  were 
calculated  on  the  basis  of  breaking-strength 
loss.  The  rate  of  strength  loss  followed  the 
kinetics  of  a  first  order  process.  The  results 
were  calculated  and  reported  as  in  the  case  of 
outdoor  weathering. 

11)  Flammability,  45°  Angle  Test  (5-b,  8-f). 
Flammability  Verticle  Flame  Test  (8-f). 
Treated  fabrics  which  did  not  pass  the  45° 
angle  test  were  recorded  as  failed.  Those  which 
did  not  pass  this  test  but  for  which  the  rate  of 
burning  was  retarded  were  recorded  as  failed, 
slower  burning.  All  treated  cottons  were  given 
the  45°  angle  test;  but  only  the  fabrics  passing 
this  test  were  subjected  to  the  vertical  flame 
test. 


12) 


Thermal  Stability  was  determined  from 
the  rates  of  pyrolytic  decomposition  of 
the  treated  and  untreated  cotton  fabrics 
at  310°  C.  The  rates  were  determined 
from  the  first  order  logarithmic  plot 
described  by  the  following  equation: 


log 


W    —  W 
t 


W 


W 


kt 


o 


where 

W     is  the  initial  weight  of  the  fabric 
o 

(grams); 
W    is  the  weight  of  char  after  pyrolysis 

for  time  t;  W  is  the  weight  of  char  after 
pyrolysis  for  10  times  the  half  life  of  the 
pyrolytic  degradation;  and  t  is  the  time 
of  pyrolysis  (minutes). 

The  results  are  reported  as  relative  stability, 
i.e.,  rate  of  decomposition  of  treated  fabric 
divided  by  rate  of  the  control. 

13)     Water    Repellency  —  Spray    Test    (8-c, 
279-d). 


RESULTS  AND  DISCUSSION 


The  colors  of  the  treated  fabrics  ranged  from 
white  to  dark  brown.  Although  the  darker 
colors  would  limit  the  end  uses  of  cotton  fabric 
chiefly  to  agricultural  purposes,  the  perform- 


ance of  some  of  these  would  recommend  further 
consideration  of  their  possible  applications  for 
certain  purposes. 
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Tables  V,  VI,  and  VII  summarize  the  findings 
of  the  study. 

Table  V  lists  the  finishing  compounds  alpha- 
betically, and  the  following  data  are  recorded 
for  each  compound:  Position  of  major  element 
of  the  finishing  compound  in  the  Periodic 
Table,  percent  add-on,  treatment  baths,  result- 
ing color  of  treated  fabric,  and  response  to 
leaching  and  launderings. 

Table  VI  gives  the  findings  on  all  the  treated 
cotton  studied  in  the  screened  tests.  The  re- 
sults are  given  by  numerical  value,  in  most 


cases  relative  to  the  behavior  of  the  untreated 
fabric.  The  results  tabulated  in  this  table 
relate  to  mildew  and  rot  resistance,  weathering, 
actinic  Fade-Ometer  degradation,  flammability, 
thermal  stability,  aging  in  the  oven,  and  water 
repellency. 

Table  VII  lists  the  Light  Screening  Index  of 
59  inorganic  compounds  on  cotton  fabrics  as 
obtained  from  the  light  absorption  by  the  Du- 
Spectrophotometer,  and  the  relative  rates  of 
aging  at  140°  C  in  comparison  with  the  relative 
rate  of  weathering. 
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Table  VII. — Light  screening  index  of  59  inorganic  compounds  on  cotton  fabrics  as  obtained  from  the  light 
absorption  by  the  Du- Spectrophotometer  and  the  relative  rates  of  aging  at  140"  C.  in  compari- 
son with  the  relative  rate  of  weathering 


Compound  Used  As 
Finish 

RELATIVE    RATE 

Sample 
No. 

Add-on 

(%) 

Weather- 
ing 

Light   Ab- 
sorption 

(I) 

Aging 
140°C. 

(C) 

Light 
Index 

(IC) 

Control 

Untreated 

0.0 

1.0 

1.0 

1.0 

1.0 

34 

Aluminum   hydroxide 

3.6 

1.7 

1.0  + 

0.7 

0.7 

1 

Aluminum  stearate 

7.5 

1.0 

1.1 

0.6 

0.7 

13 

Aluminum  stearate 

7.5 

1.0 

1.4 

0.6 

0.8  + 

32 

Antimonious  oxide 

3.0 

0.8 

1.3 

1.0 

1.3 

21 

Barium  chromate 

10.0 

1.3 

3.6 

1.0 

3.6 

69 

Barium  phosphate 

7.6 

0.7 

1.0 

0.6 

0.6 

6 

Barium  sulfate 

8.7 

1.1 

1.0 

1.0 

1.0 

65 

Beryllium  oxide 

1.9 

0.3 

1.1 

1.0 

1.1 

27 

Bismuth  hydroxide 

7.8 

2.0 

0.6 

1.2 

30 

Cadmium  hydroxide 

5.0 

0.8 

1.0 

1.1 

1.1 

24 

Cerous  hydroxide 

6.0 

1.4 

2.0  + 

1.6 

3.2 

54 

Ceric  oxide 

5.1 

0.6- 

3.0 

0.5- 

1.5- 

72 

Cerous  phosphate 

4.4 

0.5 

1.4- 

0.4 

0.6 

26 

Chromic  oxide 

1.8 

0.9 

1.3 

0.9 

1.1 

41 

Cobaltous  chromate 

3.5 

1.7 

1.0 

29 

Cobaltous  hydroxide 

4.0 

5.4 

2.6,6.7 

1.1 

6.0 

31 

Cobaltous  hydroxide 

5.6 

5.3 

.  .  . 

1.2 

-  •  . 

44 

Cobaltous  metaborate 

6.0 

2.3 

2.0 

1.0 

2.0 

43 

Cobaltous  phosphate 

4.7 

1.1 

1.1 

0.7 

0.8 

45 

Cobaltous  silicate 

6.8 

1.7 

1.7  + 

0.5 

0.8 

42 

Cobaltous  sulfite 

1.8 

1.6 

4.0 

1.0 

4.0 

46 

Cupric  chromate 

3.9 

0.7 

5.0 

0.5 

2.5 

39 

Cupric  oxide 

10.4 

1.6 

4.0 

0.5 

2.0 

64 

Cupric  phosphate 

7.2 

1.5 

2.0 

0.6 

7.2 

5 

Cupric-8-quinolinolate 

1.0 

0.8 

2.9 

0.4 

1.1 

50 

Cupric  sulfide 

2.8 

0.5 

5.0 

0.1 

0.5 

28 

Ferric  hydroxide 

5.1 

0.9 

5.0  + 

0:6 

3.0 

40 

Ferric  hydroxide 

10.4 

0.4 

5.0  + 

0.4 

2.0 

67 

Ferrous  phosphate 

3.0 

0.7- 

3.0 

0.4- 

1.2 

53 

Ferrous  sulfide 

3.3 

0.5 

5.0 

0.5- 

2.5 

75 

Lanthanum  oxide 

8.8 

1.5 

1.0 

1.0 

1.0 

8 

Lead  (plumbous)  chromate 

8.5 

6.7 

4.0 

1.5 

6.0 

33 

Lead  (plumbous)  hydroxide 

4.4 

0.9 

1.1 

0.8 

0.9 

57 

Lead  (plumbous)   metaborate 

6.9 

0.9 

1.0 

0.5- 

0.5 

56 

Lead  (plumbous)  molybdate 

10.2 

0.3 

3.0 

0.1  + 

0.3 

22 

Lead  (plumbous)  phosphate 

8.7 

0.8 

1.1 

0.7 

0.7 

23 

Lead  (plumbous)  silicate 

3.6 

1.0 

48 

Lead  (plumbous)  sulfide 

7.9 

0.6 

7.0 

2.6 

18.0  + 

37 

Magnesium  oxide 

10.5 

2.3 

1.1 

1.2 

1.3 

38 

Manganous  oxide 

14.5 

2.1 

10.0 

0.6 

6.0  + 

49 

Manganous  sulfide 

7.1 

0.7 

10.0 

0.5 

5.0  + 

58 

Mercuric  oxide 

0.7 

0.6 

4.5 

0.5  + 

2.0 

66 

Molybdenum  oxide 

2.8 

0.3 

3.1 

0.3  + 

0.9 

55 

Molybdenum  oxide 

4.1 

1.0 

2.3 

0.3 

0.7 

61 

Nickelous  oxide 

3.7 

1.3- 

2.4 

0.4 

1.0 

70 

Nickelous  phosphate 

5.1 

1.6 

1.0 

0.3- 

0.3- 

63 

Silver  oxide 

13.8 

0.3 

10.0 

1.1 

11.0 

68 

Silver  phosphate 

12.5 

1.0 

4.3 

1.0 

4.3 

73 

Tellurium  oxide 

0.5 

3.0 

1.3 

0.9 

1.2 

25 

Thorium  hydroxide 

7.1 

0.5 

1.1  + 

0.7 

0.8 

62 

Tin  (stannous)   hydroxide 

8.4 

0.2  + 

3.6 

0.5  + 

1.8 

35 

Tin  (stannic)  oxide 

4.9 

0.3 

1.0  + 

0.7 

0.7 

71 

Tin  (stannous)   phosphate 

7.2 

0,9 

1.0 

0.5- 

0.5 

51 

Tin  (stannic)  sulfide 

1.5 

0.3 

1.1  + 

0.8 

0.9 

16 

Titanium  dioxide 

6.1 

0.2 

2.0 

0.6 

1.2 

60 

Vanadium  oxide 

2.0 

0.1 

4.0 

0.3- 

1.2 

47 

Zinc  oxide 

9.0 

0.6  + 

2.0- 

0.4 

0.8- 

52 

Zinc  sulfide 

6.5 

0.1 

2.0 

0.7 

1.4 

36 

Zirconium  hydroxide 

9.2 

1.2 

1.2 

0.9 

1.1 

25 


RETENTION  OF  ADD-ON  DURING 
LEACHING 

Eighteen  compounds  were  classed  as  unsatisfac- 
tory on  the  basis  of  the  leaching  test,  which 
involved  two  successive  treatments  (Table  V). 
Although  the  complete  battery  of  tests  was 
given  to  the  fabrics  finished  with  the  com- 
pounds in  Table  V,  those  failing  the  leaching 
test  were  considered  as  unsuitable  for  further 
study  (see  Part  III). 

Of  the  compounds  rated  as  unsatisfactory 
after  leaching,  none  added  any  highly  desirable 
properties  to  the  cotton  except  the  two  mercury 
compounds  and  magnesium  oxide.  Both  mer- 
curic oxide  and  mercurous  chloride  gave  very 
good  results  in  the  test  for  relative  stability  to 
mildew  and  rot.  Magnesium  oxide  treatment 
was  rated  good  after  outdoor  weathering  ex- 
posure. 

RETENTION  OF  ADD-ON  DURING 
LAUNDERING 

Nineteen  compounds  were  rated  unsatisfac- 
tory in  the  laundering  test.  Except  for  three 
compounds  these  corresponded  with  the  leach- 
ing test.  Bismuth  phosphate  and  tungsten 
oxide  treated  cotton,  were  rated  as  unsatisfac- 
tory after  laundering  but  not  to  leaching.  Lead 
silicate  treatment  was  satisfactory  after  the 
laundering  test,  but  unsatisfactory  to  leaching. 

Compared  to  the  leaching  test,  the  more  rig- 
orous laundry  test  placed  a  larger  number  of 
treatments  in  the  satisfactory  and  a  smaller 
number  in  the  good  classification.  Two  addi- 
tional treatments  were  eliminated  in  the  laun- 
dry test  (bismuth  phosphate  and  tungsten  ox- 
ide) were  not  found  to  add  any  particularly 
desirable  characteristics  to  cotton  fabric  within 
the  scope  of  the  tests  applied  in  this  study. 

STRENGTH   LOSSES   THROUGH 

APPLICATION  OF  FINISH  AND  DURING 

STORAGE 

Only  six  types  of  treated  fabric  displayed 
unsatisfactory  strength  losses,  within  the  defin- 
ition of  the  term,  as  a  result  "of  the  application 
of  the  finish.  These  treatments  included:  Va- 
nadium oxide,  molybdenum  oxide  (2.8,  4.1  per- 
cent add-on),  tungsten  oxide,  silver  oxide,  tel- 
lurium oxide,  and  tin  (stannous)  phosphate. 
Three  finishes  were  early  known  to  be  unsuit- 
able because  of  unsatisfactory  response  to  the 


leaching  or  to  the  laundering  test.  It  was 
found,  however,  that  none  of  these  finishes 
added  any  noteworthy  properties  to  cotton. 

Only  two  treatments  caused  a  strength  loss 
during  darkroom  storage  sufficiently  great  to 
place  them  in  the  unsatisfactory  category  as 
defined  for  purposes  of  this  report.  These  were 
cobaltous  sulfite,  eliminated  because  of  un- 
satisfactory response  to  the  leaching  and  laun- 
dering tests,  and  cobaltous  chromate.  The  lat- 
ter gave  good  results  both  in  the  soil  burial  test 
and  the  test  for  relative  stability  to  actinic 
degradation. 

None  of  the  treated  fabrics  exhibited  pro- 
portionately higher  tear  than  breaking  strength 
losses.  As  noted,  this  would  be  regarded  as 
denoting  probable  crosslinkage. 

ABRASION    RESISTANCE 

None  of  the  finishes  caused  an  undue  loss  in 
abrasion  resistance  when  tested  by  the  Taber 
Abraser  with  the  modifications  in  the  test 
method  as  cited  above. 

MILDEW   AND   ROT   RESISTANCE 

In  the  results  of  resistance  to  mildew  and 
rot,  aside  from  copper  and  mercury  compounds, 
already  known  for  this  property,  the  perform- 
ance of  cobaltous  chromate,  cobaltous  meta- 
borate,  and  cobaltous  hydroxide  merit  atten- 
tion. 

RESISTANCE  TO  OUTDOOR  WEATHERING 
AND   ACTINIC   DEGRADATION 

Many  compounds  were  found  to  offer  resist- 
ance to  outdoor  weathering.  This  was  the  prop- 
erty wherein  these  experiments  were  most  suc- 
cessful. Very  good  results  were  obtained  with 
beryllium  oxide,  cobaltous  hydroxide  and  lead 
chromate.  Good  results  were  obtained  with 
cobaltous  metaborate,  cobaltous  sulfide,  mag- 
nesium oxide,  manganous  oxide,  nickelous 
phosphate,  and  aluminum  hydroxide. 

It  is  interesting  to  note  that  some  treatments 
were  found  to  provide  both  mildew  and  rot 
resistance  as  well  as  resistance  to  outdoor 
weathering.  These  were  compounds  of  cobalt, 
copper,  and  nickel.  The  resistance  to  actinic 
degradation  using  the  Fade-Ometer  was  deter- 
mined. The  results,  together  with  the  results 
obtained  from  the  weathering  experiments  are 
plotted  in  Figure  1.    Poor  correlation  was  ob- 
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tained    between    the    results    from    the    Fade- 
Ometer   and   from    weathering.     This    lack   of 


IO  1.5  20  2.3  30  33  4.0 

RELATIVE  STABILITY   TO  WEATHERING 


Figure  1. — Relation  between  the  relative  results  ob- 
tained for  outdoor  weathering  and  the 
Fade-Ometer  for  treated  cotton  fab- 
rics. 

correlation  had  been  determined  previously 
by  Fynn,  Daly,  Fleming,  and  Dean  (88).  Tests 
in  the  Fade-Ometer  involve  the  exposure  of 
the  fabric  to  the  carbon  arc  spectrum  filtered 
by  Corex  glass,  which  is  not  identical  to  the 
spectrum  of  sunlight.  In  addition,  the  effects 
of  atmospheric  contaminants  and  water  are 
included  in  weathering. 

An  attempt  has  been  made  to  obtain  a  better 
laboratory  method  for  predicting  the  outdoor 
weathering  performance  of  the  treated  fabrics. 
Atmospheric  contaminants  have  been  neglected 
since  the  location  of  these  experiments,  Den- 
ton, Tex.,  is  relatively  free  from  industrial 
and  other  fumes. 

Based  on  a  general  theory,  weathering  can 
be  explained  as  a  process  of  autooxidation  of 
the  cellulose.  This  process  of  autooxidation  is 
catalyzed  both  by  light  and  by  heat,  one  or 
the  other  of  which  is  necessary  to  excite  the 
molecules.  This  is  common  to  all  autooxidation 
of  organic  compounds. 

Microscopic  investigations  of  the  treated 
fabrics  indicate  that  these  inorganic  finishes 
are  deposited  primarily  on  the  surface  of  the 
fibers.  In  other  words  the  finish  acts  as  a 
filter  which  shields  the  cellulose  from  part  of 
the  light  spectrum. 

The  effect  of  the  finish,  in  a  simplified  ex- 
planation is  twofold: 

1)     To  shield  the  cotton  from  a  portion  of 
the  light  spectrum. 


2)  To  inhibit  oxidation  by  acting  as  a  radi- 
cal chain  breaker.  Some  compounds,  on 
the  other  hand,  may  catalyze  the  oxida- 
tion. 

To  give  a  quantitative  value  to  the  protection 
afforded  by  light  screening  by  the  different 
finishes,  the  relative  damage  caused  by  the 
different  wavelengths  of  the  spectrum  had  to 
be  determined.    In  Figure  2,  the  data  obtained 


100 


3  4 

TIME,  MONTHS 

Figure  2. — Plot  of  the  data  of  Fynn,  Sands  and 
Campbell  (89)  on  the  degradation  of 
cotton  fabric  by  filtered  sunlight. 

by  Fynn,  Sands,  and  Campbell  (89)  for  degrad- 
ation of  a  fabric  exposed  to  sunlight  under 
different  filters  was  plotted  on  semilogarithm 
paper,  with  the  logarithm  of  the  tensile 
strength  plotted  against  time.  The  different 
filters  shielded  the  fabric  from  different  re- 
gions of  the  light  spectrum.  The  relative  rates 
of  degradation  were  calculated  for  the  different 
filters.  The  degradation  was  found  to  follow 
first  order  kinetics.  From  the  relative  rates, 
the  contribution  of  the  different  parts  of  the 
spectrum  to  weathering  was  calculated.  The 
approximate  values  obtained  were: 

290-330  m/* 35% 

330-400  40 

400-600  5 

600-1000  5 

Infrared   1 5 

Key  for  Legend 

Types  of  glass  filters:  Wavelength  transmitted: 

X  Corex 290  on 

+  Blue 300-350,700  on 

•  Utraviolet 300-400 

O  Infrared ...  1000  on 

»  Yellow 550  on 

W  Red 600  on 
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From  the  relative  damage  caused  by  dif- 
ferent wavelengths,  and  the  relative  absorp- 
tions in  those  wavelengths,  the  Index  of  Light 
Screening  was  determined.  A  sample  plot  is 
given  in  Figure  3.    To  determine  the  regions 
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Figure  3. — Ultraviolet   absorption   oj   cotton   fabric 
treated  with  85  percent  lead  chromate. 


of  the  spectrum  screening  by  the  compounds 
investigated,  the  absorption  spectrum  of  cer- 
tain compounds  was  obtained  with  the  spectro- 
photometer, by  making  a  mull  on  the  side  of 
the  cell.  Therefore,  the  light  which  would  be 
screened  away  from  the  cellulose  would  not  be 
available  for  catalyzing  the  degradation.  The 
same  results  were  obtained  more  readily  by 
using  the  reflectance  attachment  and  obtaining 
the  reflectance  of  the  treated  fabric  against  the 
control.  The  light  which  was  not  reflected  was 
considered  to  have  been  absorbed  by  the  finish. 

The  second  assumption  made,  which  in  the 
opinion  of  the  authors  is  not  so  strong  as  the 
first,  is  that  if  the  compound  acts  as  an  inhibi- 
tor to  oxidation,  or  as  a  chain  breaker,  it  would 
be  effective  both  for  autooxidation  catalyzed 
by  light  and  by  thermal  excitation.  For  this 
reason,  the  rates  of  degradation  of  the  treated 
fabrics  in  the  oven  were  determined. 

Putting  the  two  factors  together,  a  theo- 
retical relationship  was  advanced  between 
weathering  and  the  two  factors  of  light  screen- 
ing and  inhibition  or  catalysis  of  oxidation  by 
the  compound  in  the  oven  at  140°  C.  Table  7 
gives  the  Light  Screening  Index  (I.),  the  sta- 
bility to  aging  in  the  oven  (C),  the  product  of 
these  two  factors,  and  the  stability  to  weather- 
ing given  to  cotton  by  different  compounds. 


There  is  good  agreement  in  many  cases  be- 
tween the  product  of  the  two  factors  of  Light 
Screening  Index  and  stability  to  aging  in  the 
oven  and  the  weathering  stability.  The  results 
are  plotted  in  Figure  4,  in  which  it  is  seen  that 
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Figure  4. — Relation  between  the  Light  Screening 
Index  and  stability  to  oxidation  in  the 
oven  at  140"  C.  with  the  stability  of 
the  treated  fabric  to  weathering.  Fin- 
ishes that  fail  to  follow  the  postulated 
relationship,  whose  deviation  can  be 
accounted  for  by  instability  when 
stored  or  by  the  pH  of  the  fabric,  X. 

numerous  compounds  fall  close  to  the  theo- 
retical line.  Some  of  those  where  this  relation 
fails  can  be  explained  by  the  fact  that  the 
fabric  tenders  on  storage,  or  can  be  explained 
as  a  result  of  the  acidity  or  basicity  of  the 
treated  fabrics.  For  others,  no  explanation  is 
given  by  this  oversimplified  picture  for  the 
reason  that  they  fail  to  agree  with  the  theoreti- 
cal prediction.  For  one  thing,  oxidation  at 
140°  C.  in  the  oven  is  not  the  same  as  oxidation 
during  outdoor  weathering.  In  short,  this  post- 
ulated relationship  holds  good  for  a  majority 
but  not  for  all  cases  and  gives  much  better 
correlation  than  the  results  obtained  with  the 
Fade-Ometer. 


RESISTANCE  TO   HEAT  EXPOSURE 

Only  5  treatments  of  exposure  to  heat  in  a 
140°  C.  oven  for  120  hours  improved  the  re- 
sistance of  cotton  to  degradation  sufficiently 
to  be  considered.  These  were:  Cerous  hydrox- 
ide, cobaltous  sulfide,  manganous  phosphate, 
lead  chromate,  and  zinc  phosphate. 

Failure  to  improve  this  property  in  com- 
parison with  untreated  cotton  would  not  impair 
the  suitability  of  a  fabric  for  most  end  uses. 
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FLAMMABILITY 

Only  14  of  the  compounds  improved  cotton 
sufficiently  at  the  add-on  concentrations  used 
to  permit  the  treated  fabric  to  pass  the  45° 
angle  flammability  test.  These  were  eerie 
oxide;  chromic  oxide;  ferric  hydroxide  at  both 
add-ons  used;  ferrous  sulfide;  lead  chromate; 
lead  hydroxide  at  the  three  add-ons  studied, 
lead  metaborate,  and  lead  silicate;  magnesium 
oxide  at  two  levels  of  add-ons;  manganous 
oxide;  molybdenum  oxide  at  both  add-ons 
studied:  tin  (stannous)  hydroxide,  tin  (stannic) 
oxide;  and  titanium  dioxide. 

Seven  additional  compounds  rendered  the 
cotton  slower  burning,  although  the  treated 
fabric  failed  the  45°  angle  flammability  test. 
All  of  the  fabrics  which  passed  the  45°  angle 
test  were  subjected  to  the  vertical  flame  test. 
The  two  which  passed  this  test  were:  Ferric 
hydroxide   (10.4   percent   add-on),   which   was 


included  in  the  study  for  comparative  pur- 
poses, and  lead  hydroxide  (15.3  percent  add- 
on). 

THERMAL  STABILITY 

Only  11  compounds  at  the  add-on  levels 
studied  improved  cotton  fabric  with  respect  to 
thermal  stability.  These  were:  Barium  chro- 
mate; cupric  oxide;  magnesium  oxide;  man- 
ganous oxide  and  manganous  silicate;  and  six 
lead  compounds — the  chromate,  the  hydroxide, 
the  metaborate,  the  oxalate,  the  silicate,  and 
the  sulfide. 

WATER  REPELLENCY 

The  water  repellency  was  found  to  be  im- 
proved for  a  number  of  compounds.  The  com- 
pounds scoring  a  spray  rating  above  50  and 
up  to  70-80  were  cobaltous  metaborate,  bis- 
muth hydroxide,  lead  hydroxide,  cobaltous  sul- 
fite, and  cobaltous  chromate. 


CONCLUSIONS 


The  results  of  this  study  show  no  distinct 
relationship  which  can  be  attributed  to  the 
position  of  the  elements  in  the  Periodic  Table. 
The  nine  compounds  (to  be  compared  with  lead 
chromate)  which  were  chosen  for  further  con- 
sideration, because  of  the  favorable  results 
they  exhibited  in  certain  of  the  screening  tests, 
also  showed  a  broad  distribution  in  the  Peri- 
odic Table. 


The  10  compounds  selected  as  a  result  of 
this  study  for  further  investigation  to  deter- 
mine their  suitability  as  recommended  treat- 
ments for  cotton  were:  Lead  chromate  (for 
comparative  purposes),  aluminum  hydroxide, 
beryllium  oxide,  cobaltous  hydroxide,  cobal- 
tous metaborate,  lead  hydroxide,  manganous 
oxide,  manganous  phosphate,  manganous  sili- 
cate, nickelous  phosphate. 
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INTRODUCTION 


As  a  result  of  the  exploratory  study  of  the 
treatment  of  cotton  fabrics  with  74  inorganic 
oxides  and  salts  (Part  II  of  this  report),  nine 
compounds  were  selected  as  worthy  of  further 
study,  because  of  one  or  more  functional  prop- 
erties in  which  they  improved  the  cotton  fabric 
and  because  none  of  these  compounds  has  been 
reported  previously  as  finishes  for  cotton 
fabrics. 

Six  additional  levels  of  add-on  were  used, 
involving  4  of  the  9  compounds;  laboratory 
tests  were  repeated  on  all  of  the  treatments 
formerly  reported  (Part  II);  an  integrated 
leaching-laundering  test  was  used;  and  a  test 
for  resistance  to  atmospheric  contaminants  was 
introduced  into  the  series. 

Specifically,  the  evaluation  techniques  in- 
cluded the  following:  Retention  of  add-on  dur- 
ing a  combined  leaching-laundering  test;  rela- 
tive stability  to  mildew  and  rot  according  to 
the  soil  burial  test;  relative  stability  to  out- 
door weathering  for  1,2,  and  3  months,  respec- 
tively; retention  of  add-on  after  3  months  of 
outdoor  weathering;  relative  stability  to  ac- 
tinic degradation,  (Fade-Ometer);  retention  of 
breaking    strength    after    exposure    to    atmos- 


pheric contaminants;  relative  stability  to  heat 
degradation;  flammability  test;  relative  ther- 
mal stability;  and  water  repellency. 

One  of  the  principal  properties  that  has 
been  found  to  be  improved  in  cotton  by  certain 
selected  treatments  is  resistance  to  weathering. 
For  this  reason,  the  results  of  the  tests  applied 
in  this  study  were  evaluated  in  comparison 
with  a  compound  known  for  its  excellent  re- 
sults in  improving  weathering  stability  in  cot- 
ton, lead  chromate. 

Studied  by  the  Southern  Utilization  Research 
and  Development  Division  of  the  United  States 
Department  of  Agriculture,  lead  chromate  has 
lengthened  the  life  of  cotton  fabric  greatly,  by 
increasing  the  fabric's  stability  to  weathering 
(54,  251),  as  shown  by  its  application  to  tobacco 
shade  cloth.  The  term  weathering  refers  to 
the  complex  deterioration  of  a  fabric  as  a  result 
of  outdoor  exposure.  More  precisely,  the  vari- 
ous deteriorating  factors  include  such  agents 
as  actinic  degradation  (more  accurately  des- 
cribd  as  the  autooxidation  of  the  cellulose 
catalyzed  by  solar  radiation),  the  effect  of 
atmospheric  contaminants,  and  microbiologic 
degradation  (292). 


MATERIALS  AND  EXPERIMENTAL  METHODS 


APPLICATION    OF    FINISHES 

The  finishes  were  applied  as  described  in 
Part  II.  Additional  levels  of  add-on,  used  for 
the  first  time  in  this  unit  of  the  series,  were 
applied  as  follows: 

For  aluminum  hydroxide  the  level  of  add-on 
employed  in  Part  II  was  employed  first,  and 
two  additional  levels  were  employed  also. 
Likewise,  two  additional  levels  of  cobaltous 
hydroxide  and  one  each  of  cobaltous  metabor- 
ate  and  lead  hydroxide  were  employed. 

The  methods  of  application  of  these  addi- 
tional treatments  (with  the  colors  resulting) 
are  listed  below: 

Aluminum  hydroxide  (add-on  3.6  percent). 
First  bath — 10  percent  aluminum  acetate  in 
water  with  2.5  percent  acetic  acid.  Second 
bath — 15  percent  sodium  carbonate  at  70° 
C,  cured  at  120°  for  20  minutes.  Color: 
white. 


Aluminum  hydroxide  (add-on  5.2  percent). 
First  bath — 12  percent  aluminum  acetate  in 
water  with  2.5  percent  acetic  acid.  Second 
bath — 15  percent  sodium  carbonate  at  70° 
C.  Cured  at  120°  for  20  minutes.  Color: 
white. 

Cobaltous  hydroxide  (add-on  5.6  percent). 
First  bath — 8  percent  cobaltous  acetate. 
Second  bath — 5  percent  sodium  hydroxide 
at  70°  C.    Rinsed  in  hot  water.    Color:  tan. 

Cobaltous  hydroxide  (add-on  8.2  percent). 
First  bath — 10  percent  cobaltous  acetate. 
Second  bath — 6  percent  sodium  hydroxide 
at  70°  C.    Color:  tan. 

Cobaltous  metaborate  (add-on  8.9  percent). 
First  bath — 6  percent  cobaltous  acetate. 
Second  bath — 10  percent  sodium  metaborate. 
Fabric  kept  in  second  bath  35  minutes  at 
70°  C.    Color:    gray. 
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Lead  (plumbous)  hydroxide  (add-on  6.5 
percent).  First  bath — 10  percent  lead  ace- 
tate. Second  bath — 10  percent  ammonium 
hydroxide  at  70°  C.  Cured  at  120°  for  20 
minutes.   Color:   white. 

EVALUATION  OF  FINISHES 

The  tests  used  to  evaluate  the  selected  nine 
finishes  were  described  in  Part  II  of  this  series: 
Breaking,  bursting,  and  tearing  strengths;  abra- 
sion resistance;  mildew  and  rot  resistance  by 
the  soil  burial  method;  resistance  to  outdoor 


weathering;  resistance  to  actinic  (Fade-Ometer) 
degradation;  flammability;  thermal  stability; 
and  water  repellency.  The  leaching  and  laun- 
dering techniques  were  administered  in  this 
study  according  to  the  same  procedures  as 
those  described  in  the  screening  report  (Part 
II),  although  a  composite  test  was  used  in 
which  two  leaching  procedures  were  followed 
by  one  laundering.  The  test  for  resistance  to 
atmospheric  contaminants  was  that  developed 
by  Ray  (223)  following  an  evaluation  by  Ray, 
Mack,  and  Wachter  (224). 


RESULTS 

Table  VIII  embodies  the  major  findings  of  this  study. 


COLOR  OF   TREATED   FABRICS 

Cotton  swatches  treated  with  the  following 
compounds  were  found  to  be  white:  Beryllium 
oxide,  aluminum  hydroxide,  lead  hydroxide, 
and  manganous  phosphate.  Nickelous  phos- 
phate treated  cotton  is  cream;  manganous  sili- 
cate cotton  is  tan;  cobaltous  metaborate  cotton 
is  gray;  cobaltous  hydroxide  cotton  is  light  tan 
changing  to  light  brown  upon  partial  oxida- 
tion; and  manganous  cotton  is  oxide  brown. 

Change  of  the  tan  color  of  cotton  treated 
with  cobaltous  hydroxide  can  be  brought  about 
by  oxidizing  with  cold  0.5  percent  sodium 
hypochlorite.  The  partially  oxidized  cobaltous 
hydroxide    has    the    additional    advantage    of 


being    more    resistant    to    laundering    and    to 
dilute  acids. 

RETENTION  OF  FINISH  DURING 
LEACHING   AND   LAUNDERING 

The  retention  of  the  finish,  determined  after 
2  leachings  followed  by  1  laundering,  ranged 
from  50  to  97  percent.  The  greater  proportion 
of  the  loss  of  the  finish  occurred  during  the 
first  leaching.  This  brought  up  the  question  of 
penetration.  Cotton  fibers  treated  with  lead 
chromate  and  with  cobaltous  hydroxide  were 
therefore  examined  microscopically.  There 
appeared  to  be  some  penetration  into  the  fiber, 
although  the  bulk  of  the  inorganic  compound 
was  deposited  on  the  surface  of  the  fiber,  as 
shown  in  Figure  5. 


Figure  5. — Photomicrographs  of  cotton  treated  with  lead  chromate  (left),  and  cobaltous  hydroxide  (right) 
X  900.   The  similarity  of  the  two  samples  and  the  contrast  with  the  control  (center)  is  apparent. 
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The  fact  that  most  of  the  finish  is  on  the 
surface  of  the  fiber  accounts  for  most  of  the 
loss  of  add-on  during  the  leaching-laundering 
treatment.  Since  the  loosely-held  portion  of 
the  deposit  could  be  washed  away  easily,  the 
greater  portion  of  the  loss  occurred  during 
the  first  leaching. 

STRENGTH   LOSSES   THROUGH 

APPLICATION  OF   TREATMENT 

AND   DURING   DARKROOM   STORAGE 

None  of  the  cotton  swatches  treated  with 
the  compounds  of  this  study  lost  notable  per- 
centages of  breaking,  bursting,  or  tearing 
strengths,  or  of  abrasion  resistance,  either  as 
a  result  of  the  finish  or  during  subsequent 
darkroom  storage. 

RESISTANCE  TO  MILDEW  AND  ROT 

The  resistance  to  mildew  and  rot  is  reported 
as  the  time  in  days  required  for  the  fabric 
to  lose  one-half  of  its  wet  strength  in  the  soil 
burial  test.  Lead  chromate,  lead  hydroxide, 
manganous  oxide,  manganous  silicate,  and 
manganous  phosphate  performed  approximate- 
ly the  same  as  untreated  cotton  specimens  in 
this  respect.  Beryllium  oxide,  aluminum  hy- 
droxide, and  nickelous  phosphate  exhibited 
slight  improvement  in  stability  to  deterioration 
by  this  means,  while  cobaltous  metaborate 
gave  good,  and  cobaltous  hydroxide  moderate 
to  good  resistance  to  this  deteriorating  agency. 
The  lower  percentages  of  add-on  of  the  latter 
treated  fabric  surpassed  the  higher  add-ons. 

RETENTION  OF  FINISH  DURING  OUTDOOR 
WEATHERING 

The  retention  of  add-on  during  3  months  of 
outdoor  weathering  ranged  from  56  to  100 
percent.  Nickelous  phosphate  treated  cotton 
retained  only  56  percent  of  the  finish  during 
the  3  months  of  outdoor  weathering;  mangan- 
ous silicate  retained  70  percent;  all  other  of  the 
experimental  fabrics  retained  more  than  80 
percent.  Many  of  these  cottons  retained  during 
3  months  of  outdoor  exposure  more  than  90 
percent  of  the  add-on. 

Retention  of  finish  during  3  months  of  out- 
door weathering  surpassed  that  during  leaching 
and  laundering  in  all  but  two  cases,  manganous 
phosphate  and  nickelous  phosphate.  In  both 
cases  the  difference  between  the  two  treat- 
ments was  slight. 


RESISTANCE  TO  WEATHERING 

Cobaltous  hydroxide  (add-ons  5.6  and  8.2 
percent)  and  cobaltous  metaborate  (add-on  8.9 
percent)  afforded  protection  from  weathering 
to  cotton  fabrics  which  was  similar  to  that  im- 
parted by  lead  chromate.  Beryllium  oxide  in 
the  respect  of  weathering  approached  the  per- 
formance of  lead  chromate.  Aluminum  hy- 
droxide, manganous  oxide,  manganous  silicate, 
manganous  phosphate,  and  nickelous  phosphate 
also  offered  some  resistance  to  weathering,  al- 
though they  were  less  effective  than  either 
lead  chromate  or  the  two  cobaltous  compounds. 
Lead  hydroxide  did  not  enhance  the  weather- 
ing stability  of  cotton. 

The  deterioration  of  cotton  fabrics  from 
weathering  was  found  to  behave  kinetically 
as  a  first  order  process.    Figure  6  gives  the 
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Figure  6. — Retention  of  wet  (o)  and  dry  (a)  break- 
ing strength  after  exposure  to  outdoor 
weathering. 

Untreated  Cotton 

Treated  Cotton 


strength  retention  (dry  and  wet)  of  a  repre- 
sentative trial.  The  results  are  reported  as  the 
stability  to  weathering  obtained  from  the  re- 
ciprocal    of    the     relative    rate    of    breaking 
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strength  loss.  Both  wet  and  dry  breaking 
strength  gave  comparable  results.  Wet 
strength  measurements  give  the  desired  infor- 
mation in  less  time  than  dry  strength  measure- 
ments, because  the  rate  of  wet  strength  loss  is 
more  rapid  than  that  of  dry  strength  loss  with 
cellulose  fibers  or  fabrics. 

RESISTANCE  TO  ACTINIC  DEGRADATION 

Relative  stability  to  actinic  degradation  as 
determined  by  exposure  in  the  FDAR  Fade- 
Ometer  for  a  series  of  trials  up  to  300  hours 
at  53°  C,  was  1.9  for  cotton  treated  with  lead 
chromate  This  approximate  relative  stability 
was  shown  by  the  aluminum  hydroxide,  the 
manganous  phosphate,  and  the  manganous  sili- 
cate treated  cotton  fabrics.  A  slightly  greater 
relative  rate  of  degradation  was  obtained  for 
manganous  oxide  treated  fabrics;  a  lesser  value 
was  obtained  for  cotton  fabric  finished  with 
nickelous  phosphate.  Beryllium  oxide  and  lead 
hydroxide  treated  cottons  gave  slightly  poorer 
results  than  were  obtained  with  the  unfinished 
cotton. 

The  highest  relative  stability  to  actinic  ex- 
posure based  on  breaking  strength  was  ob- 
tained with  the  cotton  treated  with  cobaltous 
metaborate  and  cobaltous  hydroxide. 

RETENTION  OF  STRENGTH  DURING 

EXPOSURE    TO    ATMOSPHERIC 

CONTAMINANTS 

All  of  the  treated  fabrics  considered  in  this 
study  retained  their  wet  breaking  strength 
when  exposed  to  atmospheric  contaminants  to 
a  greater  degree  than  did  the  untreated  cotton, 
which  had  a  retention  only  of  29  percent.  The 
treated  fabrics  ranged  from  58  percent  strength 
retention  (manganous  phosphate)  to  100  per- 
cent for  3  of  the  treatments,  including  cobalt- 
ous hydroxide  at  the  3  lower  levels  of  add-on. 
The  three  highest  strength  losses  were  with 
manganous  phosphate,  already  cited,  nickelous 
phosphate  (65  percent  retention),  and  mangan- 
ous silicate  (70  percent  retention). 

RESISTANCE   TO   HEAT   DEGRADATION 

Relative  heat  stabiltiy  of  the  untreated  and 
treated    cotton    fabrics    was    calculated    from 


changes  in  breaking  strength.  Lead  chromate, 
cobaltous  hydroxide  (5.6  and  8.2  percent  add- 
ons), lead  hydroxide  (6.5  and  8.4  percent  add- 
ons), manganous  phosphate  treated  cottons 
slightly  exceeded  untreated  cotton  in  this  test, 
with  the  remainder  little  or  no  better  than,  or 
even  slightly  below  the  untreated  fabric.  There 
probably  would  be  few  end  uses  for  which  re- 
sistance to  heat  degradation  would  be  a  factor. 

FLAMMABILITY 

In  the  test  for  the  flammability  of  the  treated 
fabrics,  lead  chromate,  aluminum  hydroxide 
(add-on  3.6  percent),  lead  hydroxide  (at  4 
levels  of  add-on),  and  manganous  oxide  passed 
the  45°  angle  test.  Of  these,  only  the  cotton 
treated  with  lead  hydroxide  with  an  add-on  of 
15.3  percent  passed  the  vertical  flame  test. 

All  other  treated  fabrics  in  this  study  burned 
in  the  45°  angle  flame  test,  but  several  burned 
more  slowly  than  did  the  untreated  cotton,  as 
shown  in  Table  VIII. 

THERMAL  STABILITY 

The  thermal  stability  of  cotton  treated  with 
lead  chromate  was  twice  that  of  untreated  cot- 
ton. Lead  hydroxide,  manganous  oxide,  and 
manganous  silicate  increased  the  thermal  sta- 
bility of  cotton,  but  to  a  somewhat  less  degree. 
Aluminum  hydroxide  and  beryllium  oxide  de- 
creased the  thermal  stability  of  cotton  notably, 
while  cobaltous  hydroxide,  cobaltous  metabor- 
ate, manganous  phosphate,  and  nickelous  phos- 
phate decreased  this  factor  slightly.  Cobaltous 
metaborate  treated  cotton  had  practically  the 
same  thermal  stability  as  untreated  cotton. 

WATER  REPELLENCY 

Cottons  treated  with  cobaltous  metaborate 
and  lead  hydroxide  displayed  good  water  re- 
pellency,  while  some  water  repellency  was  im- 
parted by  aluminum  hydroxide  (8.7  percent 
add-on),  manganous  oxide,  and  nickelous  phos- 
phate. Cotton  fabric  trea-ted  with  lead  hydrox- 
ide was  not  water  repellent  unless  the  fabric 
was  cured  at  120°  C.  for  20  minutes  after  the 
application. 
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CONCLUSIONS 


The  improvement  in  certain  properties  of 
cotton  by  the  use  of  9  inorganic  compounds, 
selected  from  a  screening  study  involving  74 
compounds  and  subjected  to  more  intensive 
study,  seems  sufficient  to  warrant  investigation 
of  the  9  compounds  under  practical  conditions. 
The  finishes  producing  white  or  cream  textiles 
might  prove  suitable  as  household  fabrics  be- 
cause some  of  them  demonstrated  improved 
resistance  to  weathering  and  to  atmospheric 
contaminants.  Some  of  them,  in  addition,  were 
found  to  promote  resistance  to  atmospheric 
contaminants,  some  degree  of  flame  resistance, 
and  some  water  repellency.  Lead  hydroxide 
finished  cotton  was  a  white  fabric  which  dif- 
fered from  the  other  whites  in  having  no  re- 
sistance to  weathering,  although  it  was  found 
to  have  very  good  resistance  to  atmospheric 
contaminants.  This  fabric  had  the  added  virtue 
of  possessing  the  best  resistance  to  burning  of 
any  of  the  nine  experimental  compounds,  to- 


gether with  good  to  very  good  water  repel- 
lency. 

The  tan,  gray,  and  brown  treated  cotton 
could  find  application  in  various  agricultural 
end  uses.  Among  these  experimental  fabrics, 
cobaltous  metaborate  treated  fabric  should 
warrant  especial  attention  in  further  practical 
trials  because  of  its  excellent  performance  in 
the  tests  for  mildew  and  rot,  weathering,  re- 
sistance to  actinic  degradation,  stability  with 
respect  to  atmospheric  contaminants,  and  water 
repellency.  Cobaltous  hydroxide  was  similar 
in  performance  except  for  negative  results  in 
the  water  repellency  test.  The  manganese  and 
nickel  compounds  used,  which  gave  colored 
treated  cottons,  were  far  from  as  outstanding 
as  cobaltous  hydroxide  or  metasilicate,  al- 
though they  made  minor  contributions  in  some 
respects. 
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